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6. New ‘Sterile” Fermions and Other “Light” Physics;
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1. Neutrino Scattering On Glass

NuSOnG is a proposal to study fixed-target neutrino – matter interactions

• High Energies – protons from the Tevatron

• High Statistics – lots of protons from the Tevatron, large detector

• “Rare” Processes – highly segmented detectors capable of “seeing”
electrons

• Well Understood Neutrino Flux – “ratio-like” measurements
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NuSOnG will use 800 GeV Protons from the Tevatron

[but it doesn’t need any antiprotons. . . ]
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ULTIMATE GOAL: accumulate at least an order of magnitude
more neutrino events than the world’s data set to date:

# Detected to Date, # Expected at NuSOnG,

All Energies, All Detectors All Energies

νµ,ν̄µ < 20× 106 (1) > 600× 106

νe, ν̄e < 0.5× 106 (2) > 6× 106

ντ , ν̄τ 10 —

(1) Mostly from NuTeV, CCFR, and the MINOS near detector.

(2) Mostly from (1) above. Largest reactor neutrino data sets around few thousand

events/detector. Solar neutrino experiments have recorded less than 10,000 νe events.
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In more detail, NuSOnG will measure . . .

. . . with sub-percent precision!

νµ + e− → νµ + e−

ν̄µ + e− → ν̄µ + e−
[ES]

νµ + e− → µ− + νe [IMD]

νµ + q → νµ +X

ν̄µ + q → ν̄µ +X

νµ + q → µ− +X

ν̄µ + q → µ+ +X

[DIS]

!
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2. On the Physics of Neutrino – Charged Fermion Scattering

Neutrino matter scattering provides a unique an clean environment to
study purely weakly interacting processes. In the Standard Model, at low
enough center of mass energies, νµ + f eleastic scattering is governed by
the following effective Lagrangian.

L = −2
√

2GF (gνL ν̄LγµνL)×
[
gfL f̄Lγ

µfL + gfR f̄Rγ
µfR

]
where

gνL =
√
ρ

(
+

1
2

)
,

gfL =
√
ρ
(
If3 −Qf sin2 θW

)
,

gfR =
√
ρ
(
−Qf sin2 θW

)
.

At tree-level, ρ = 1. Loop corrections affect both ρ and what we mean by
sin2 θW .
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One can interpret ν + f as measuring the Weinberg angle . . .

. . . but it measures gνLg
f
L and gνLg

f
L independently. Much more information.
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S

T

fix sin2 θW , “measure”

radiative corrections.
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Here, I’ll concentrate on νµ + e elastic scattering.

• Another channel to study neutral currents with neutrinos (cf.
NuTeV).

• Significant improvements over world’s data sample – CHARM II had
less than 6000 events, ν and ν̄ combined.

• This is a very, very clean process! (Among First Standard Model
calculation, G. ’t Hooft, “Predictions For Neutrino - Electron
Cross-Sections In Weinberg’s Model Of Weak Interactions,” Phys.
Lett. B 37 (1971) 195.)
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3. Neutrino–Electron Elastic Scattering and New Physics

This is what one is able to measure:

dσ

dy
=

G2
FmeEν

2π

[
(gνeV ± gνeA )2 + (gνeV ∓ gνeA )2 (1− y)2

]
,

in the limit me � Eν , for y = Te
Eν

for the recoil electron. Sign ambiguity
for neutrino and antineutrino scattering, respectively.

New “heavy” physics will modify the coefficents

gνLg
e
L = gνeV + gνeA

gνLg
e
L = gνeV − gνeA
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Most general effective Lagrangian one can probe with νµ + e scattering

LeNSI = +
√

2
Λ2

[
ν̄αγσPLνµ

][
cos θ ēγσPLe+ sin θ ēγσPRe

]
.

Λ = New Physics scale.

θ parameterizes “handedness” of the new physics. Note: signs matter.

Assumption 1: no scalar–scalar interaction (“suppressed” by neutrino and
electron masses)

Assumption 2: charged current – IMD – NOT modified. This is not true
of specific models
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How can we learn more about this “new physics”? We need information
from other sources, including

• NuSOnG neutrino quark scattering;

• Other TeV-sensitive experiments, including the LHC.

The types of new physics fall under different categories:

• They affect all “electroweak precision” observables in the same way
(all loop-level effects that modify the W and Z boson propagators);

• They affect only neutrino neutral current measurements;

• They affect only neutrino-quark or neutrino-lepton measurements;

• . . .
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[Bounds competitive with LEP]

4. Some “Heavy” Examples: Z ′ Physics

May 9, 2008 NuSOnG Physics
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Modifying the Neutrino Coupling to the Heavy Gauge Bosons:

• neutrino mixing with heavy gauge-singlet leptons
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André de Gouvêa Northwestern

includes “promised” improvements

from τ data from BaBar

and π data from PINUE

[Loinaz et al, to appear]
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NuSOnG still very relevant!

[Loinaz et al, to appear]
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Reinforced NuTeV Anomaly: Modified Neutrino–Quark Interactions?
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Lepto-Quarks!
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What if The LHC Does not Find Any Evidence for TeV degrees of Freedom?
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We May Still Run Into Surprises in the Neutrino Sector (Again!)
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Summary:

New Heavy Physics
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5. Another Example: The “Nature” of the ν – Z-boson Coupling

In the Standard Model, the neutrino coupling to the Z-boson is purely
left-handed. It is interesting to ask “how well do we know that?”

The most precise information we have regarding the neutrino–Z-boson
coupling comes from the invisible Z-width at LEP. However, LEP does
not measure gνL: it measures (gνL)2 + (gνR)2.

On the other hand, we know a lot about the nature of the neutrino
W -boson coupling. That one is known to be purely left-handed

This means that neutrino beam experiments measure only gνL:
Complementary to LEP.
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CHARM II – neutrino electron scattering – plays a fundamental role!
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NuSOnG Improvement: could see new physics “easily”. What kind of new Physics is this?
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6. New Sterile Fermions and Other “Light” Physics
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(Natural consequence of sterile neutrinos with masses above 100 eV)
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One thing I didn’t talk about:

Addressing the NuTeV anomaly, and other QCD related matters:
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André de Gouvêa Northwestern

Summary and Conclusions

• A large, well-understood sample of νµ + e ES events should prove to be a

powerful tool for exploring TeV scale new physics. NuSOnG aims at at

least an order of magnitude more events than all previous neutrino

experiments combined.

• Any new physics result at NuSOnG should prove to be complementary to

anything we may discover at the LHC – including ony a standard model

Higgs boson! NuSOnG will likely help elucidate the nature of the new

physics discovered at the LHC.

• By measuring νµ + e, NuSOnG can test most new physics interpretations of

the NuTeV anomaly.

• Along with a record number of νµ + e ES events, one also gets a record

number of νµ + q DIS events.

• These will allow one to test all standard model solutions to the NuTeV

anomaly, plus perform several key QCD measurements (structure functions,

etc).
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• Even if there is no new physics, NuSOnG explores a different sector of the

Standard Model and contributes significantly to electroweak precision

observables and QCD. But remember: neutrinos have been (very) good to

particle physics in the past!

• An experiment like NuSOnG can only be performed at Fermilab. No one

else has the Tevatron accelerator!

• NuSOnG would serve as a great flagship experiment for a next-generation

of Tevatron-based fixed target experiments.

# Detected to Date, # Expected at NuSOnG,

All Energies, All Detectors All Energies

νµ,ν̄µ < 20× 106 (1) > 600× 106

νe, ν̄e < 0.5× 106 (2) > 6× 106

ντ , ν̄τ 10 OPPORTUNITY?
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